Gelatin gels are increasingly involved in many industrial applications due to several 31 advantages including cost efficiency and biocompatibility. Generally, their production 32 requires the use of aqueous solvents, which cause a significant swelling, due to the ability of 33 solvent molecules to penetrate through the gel microstructure and increase its volume. Since 34 swelling mechanisms and their effect on gel structure are not fully understood, further 35 investigations are required. In this work, we combine macroscopic measurements of the 36 swelling ratio (SR) with Nuclear Magnetic Resonance (NMR) and Confocal Laser Scanning 37 Microscopy (CLSM) to investigate changes in gelatin structure as a function of both polymer 38 concentration and swelling time. SR values increase as a function of time until a maximum is 39 reached and then show a slight drop for all the gelatin concentrations after 24 h swelling time, 40
INTRODUCTION
Swelling measurements 139 Gelatin solutions obtained as previously described were injected in a glass mold 140 (25×15×1mm) and cooled slowly at room temperature until complete gelation. Since the 141 gelation time depends on the polymer concentration, a conservative gelation time of 142 approximately 1 h was used for all the samples. Specimens were collected from the mold, 143 transferred, soaked, and maintained at room temperature (about 25 °C) in different aqueous 144 buffer solutions until equilibrium was achieved. A thin layer of mineral oil was applied at the 145 bottom of the reservoir in order to avoid gel sticking. Permeability of mineral oil in water is 146 very low and its use is advised when water loss from hydrogel has to be minimized. 21 
147
Swelling was measured gravimetrically. At different time intervals, samples were collected 148 from the aqueous buffer solutions and weighed. Excess solvent was removed gently with a Effect of polymer concentration and swelling time probed by NMR 155 For NMR measurements of gelatin at different polymer concentrations, in the range 10-30% 156 by weight, gelatin solutions were directly injected in the NMR tube (4 mm) and allowed to removed and the sample analyzed by NMR.
169 170 171
Effect of solid particle penetration probed by CLSM

172
For CLSM experiments, gelatin at 30% by weight was prepared directly in a Ibidi µ-slide 173 multi-well (9.4×10.7×6.8 mm) and allowed to gel. After gelation, half of the sample was 174 removed with the aid of a knife and the empty zone replaced with fluorescent particle 175 solutions. Samples were kept sealed in order to prevent water evaporation from the solution 176 and drying of the gel. For the first two hours a time lapse was acquired in brightfield by an 177 inverted Leica TCS SP5 CLSM equipped with an Ar laser and a 20× objective starting from 178 the interface between the gel and the solution in order to follow the swelling of the interface.
179
The delay time between acquisitions was of 1 min. 
198 1 H PFG NMR diffusion measurements were performed using the alternating pulsed gradient 199 stimulated echo (APGSTE) sequence 33 in order to minimize the effects of background 200 magnetic field gradients. The measurements were carried out holding the gradient pulse 201 duration, δ, constant and varying the magnetic field gradient strength, g. The gradient pulse 202 duration, δ, was set to 1 ms. For each sample, the observation time, Δ, was varied from 20 to 203 1600 ms and no significant differences in the PFG log attenuation plots were observed, which 204 implies that the self-diffusion coefficient of water inside the porous gelatin is essentially 205 independent of the observation time (see Supplementary Information S1). Values of the 206 diffusion coefficient, D, were obtained by fitting the PFG NMR experimental data to the 207 expression: 34
where E(g) and E0 are the NMR echo signal intensity in the presence and absence of 210 magnetic field gradient, respectively. to-volume ratio of the gelatin structure. Therefore, a decrease in T1, that is, an increase of the 264 1 1 T relaxation rate, implies an increase of V S .
265
In order to further investigate the diffusive behaviour of water inside the gelatin structure,
266
PFG NMR experiments were carried for a range of different observation times, Δ, and the 267 results are reported in Table 1 . The results in Table 1 clearly show that the self-diffusion coefficient of water in the gelatin 272 samples is lower than that of bulk water, 2.35×10 -9 m 2 s -1 , and is essentially independent of 273 the observation time. This result, together with the lack of curvature of the PFG plots ( Figure   274 2b) implies that already at 20 ms water molecules are probing regions of the pore space that 275 are representative of the whole porous structure. Indeed, the root mean square displacement,   D RMSD 2 , calculated at 20 ms is already of the order of tens of μm, which is far 277 greater than the typical pore size for these gelatin systems, which of the order of tens of nm. 38
278
Hence, within the probed observation time, molecules experience many collisions with the 279 pore walls and their diffusion is reduced by the presence of the pore network. 36 This 280 behaviour is typical of mesoporous systems with a macroscopically homogeneous pore 281 structure and is referred to as quasi-homogeneous behaviour. 36, 39 For the following analysis, 282 values of D at 200 ms were considered.
283
In order to obtain more insights into the effect of polymer concentration on the pore network 284 properties, we define the following parameters: 36
In the above expressions, the subscript "bulk" indicates free bulk water whereas the subscript 288 "pore" indicates water confined within the gelatin pore network. The  parameter may be 289 considered as an indication of the extent to which rotational dynamics of molecules within 290 the pore network is reduced relative to the bulk. 36 The parameter  is the so-called PFG 291 interaction parameter, 36, 40 which indicates the extent to which translational dynamics of 292 molecules within the pore network is reduced relative to the bulk and can be considered a 293 measure of the apparent tortuosity of the porous media, that is, the tortuosity experienced by structure, which could be due either to an increase of contact surface area of water with the 310 gelatin, due to the increase of polymer amount, but also to a reduction of pore size as the 311 polymer concentration increases; (ii) at the same time, the increase in polymer concentration 312 is changing the pore network connectivity, with a more tortuous pore structure at higher 313 polymer concentrations, that is, higher values of  .
315
Effect of swelling time 316 It is now interesting to analyze the effect of swelling time over the molecular dynamics of 317 water inside the porous gelatin structure and on the properties of the pore structure itself.
318
These results are reported in Figure 5 . Estimation of average pore size 444 Using the expression in Equation (4) and assuming the pores to be of cylindrical geometry, 445 the observed T1 relaxation rate can be written as:
where d is the average pore diameter. Therefore, if the surface relaxivity ρ1 is known, it 448 becomes possible to calculate the average pore size of the porous gel from the observed 1/T1 449 relaxation rate values. The surface relaxivity can be estimated from Equation (7) to estimate the average pore size for the different samples using Equation (7). The values are 458 reported in Figure 9 as a function of polymer concentration (Figure 9a ) and for the gelatin 
